asserted that those who develop "high tech" must maintain "high touch" with end users of technology. Agriculture is perceived as slow paced and sustaining. The public may not know the rapid rate of change that biotechnology, specifically food biotechnology, has brought to agriculture. In 1996, the first year transgenic row crops were grown in the United States, farmers planted 5 million acres with genetically modified seed. Farmers planted 30 million acres in 1997 (Re, 1997) , and the National Agricultural Biotechnology Council (1998) estimated 65 million acres of genetically modified seed were planted in 1998.
Agricultural educators are clearly behind the curve in educating the public about food biotechnology. A major concern (Naisbitt, 1990 ) is meaningful dialog, in lay terms, with end users (consumers) of high technology (e.g., biotech foods). Hallman (1995) asked consumers about the term "genetic engineering." About 20 percent of consumers responded negatively: "frightened," "escaping virus," "Nazi/Hitler," "mutants" and "mad scientist." Four percent mentioned "medical advances," better food" or "progress"; one-fourth responded neutrally: "DNA," "plants," or "people."
Science for many, journalists included, is a complex discipline. Mazur's (1981) study found that, although few consumers disapprove of biotechnology, media coverage that gave the appearance of a dispute benefited opponents of the technology. This too, points toward the need to enhance the methods agricultural educators use to inform the public through mass media. To learn how journalists and scientists felt about one another, Chappell and Hart (1998) sampled 4000 journalists and scientists. They found that neither group believed it was doing a good job of explaining science to the public. They concluded that those transferring scientific information to the public, agricultural educators and mass media, should engage in systematic, continuing education exposing them to scientists and research processes.
Purpose and Objectives
The purposes of this study were to determine the knowledge of and attitudes/perceptions of journalists toward food biotechnology. The research objectives were to: 1) investigate and determine the knowledge, attitudes and perceptions held by metropolitan journalists regarding food biotechnology; and 2) investigate the relationship among knowledge, attitudes/perceptions regarding food biotechnology, and selected personal and situational characteristics of journalists.
Methods/Procedures
The target population was metropolitan journalists at 96 of the nation's largest newspapers according to daily circulation. They had a cumulative circulation of 30 million readers.
A census of 376 journalists from the "beats" of business, environment, agribusiness, features, food, health/medical, and science/technology was administered. These beats were selected because benefits and risks associated with biotechnology cross a variety of disciplines; therefore, public discourse in the news is framed in many contexts (Duhe', 1994; Peterson, 1996) .
The design was correlational/descriptive. The researcher developed a 63-item instrument based on research by Duhe' (1994) , Barton (1992) , and North Carolina Nationwide Survey on Biotechnology (as cited in Duhe', 1994) . The instrument measured knowledge, attitudes, and perception. These three constructs were quantified in nine specific scales to determine 1) knowledge, 2) acceptance of genetically modified organisms, 3) acceptance of specific food biotech practices, 4) attitudes toward effects of biotechnology, 5) the level of importance placed on food biotechnology research, 6) faith in sources of food biotechnology information, 7) the level of importance placed on investigative reporting style when the subject is about food biotechnology, 8) attitudes toward potential obstacles to acceptance of food biotechnol-ogy, and 9) perceptions regarding adoption/acceptance rate of food biotechnology as a farm practice.
Knowledge was measured using multiple choice items. Attitudes and perceptions were measured from responses on Likert-type scales. Content validity was determined by twelve scientists from journalism, agricultural education, agronomy, entomology, medicine, and biochemistry at Texas A&M University and Texas Tech University. A pilot study of journalists in smaller newspapers established face validity and reliability of the instrument.
Data collection was intense and systematic involving seven contacts with the journalists: 1) an introductory letter, 2) the original questionnaire and cover letter, 3) a postcard reminder following the questionnaire, 4) follow-up telephone calls made randomly to one-third of the non-respondents (115 journalists), 5) a second questionnaire and cover letter, 6) a postcard reminder following the second questionnaire, and 7) telephone calls made randomly to 50% of the non-respondents (n = 169). Research instruments were returned by sixty-two (65%) of the newspaper organizations. Eighty-eight usable questionnaires received during a 3-month data collection period served as the data source for this study. Because date of response was not correlated with the attitudinal/perceptions scales and because date of response and knowledge yielded a statistically significant but "low" (Davis, 1971 ) correlation (r = .21, p=.046), the researchers, considering the exploratory nature of this study, made inferences to the target population to establish baseline information. (Note: A mean knowledge score of 30% correct answers was assessed whereas, a minimum mean knowledge score of 25% would be expected from the multiple choice questions; therefore knowledge scores of non-respondents could not have declined a great deal more than the assessed mean.) Data were analyzed with SPSS X (SPSS, Inc., 1998).
Results and Conclusions
Half of the journalists identified their primary responsibility as "Editor" and half considered their primary responsibility as "Writer." Fifty-seven percent (n = 50) of the responses were from females; forty-three percent (n = 38) were male. Ninety-five percent (n = 83) of the respondents had earned Bachelor's degrees, 15.9% (n = 14) held Master's degrees, and 2.3% (n = 2) had doctorates. The median years of journalism experience was 19.7.
Along with professional experience, journalists are influenced by their backgrounds.
Twenty percent (n=18) said their families owned agricultural property while 23% (n=20) indicated they had lived on a farm/ranch. Eighty-three percent (n = 72) indicated they had read or studied about biotechnology recently. Ninety-two percent (n = 81) indicated they were "aware" or "somewhat aware" of how biotechnology affects their food, health, and environment. Thirty-nine percent (n=34) had contributed to articles on biotechnology. Eight (9%) were agribusiness journalists; 80 (91%) of them covered other beats.
Results and Conclusions Related to Research Objective One
Nine items measured journalists' knowledge about food biotechnology. The reliability of the scale was .67. Scores revealed a lack of knowledge about food biotechnology with a sample mean of 30% correct answers. This low level of knowledge was similar to knowledge levels of consumers (Bruhn, 1997) . Conversely, almost 75% of the respondents assessed their level of scientific knowledge as "average," "somewhat high," or "high."
The instrument contained 40 items designed to assess journalists' attitudes or perceptions regarding food biotechnology. Reliability of eight attitudinal/perception scales ranged from .72 to .92. The first scale involved journalists' acceptance of genetic modification of organisms (GMOs). Journalists believed genetic modification of humans to be the least accept-able use of biotechnology (Table 1) . Genetic modification of animals followed with nearly 41% (33) selecting "highly unacceptable" or "somewhat unacceptable." Journalists generally accepted genetic modification of forest/landscape plants, food crops, and microorganisms.
Another scale measured their beliefs regarding effects of biotechnology on world hunger, healthful foods, family farms, and fish and wildlife. Generally, journalists were ambivalent about the effects of food biotechnology on healthful foods, fish and wildlife, and family farms. However, they believed that there would be a positive effect of biotechnology on world hunger supporting Benedict's (1998) assertion that biotech crops may increase yield per acre.
Journalists were then asked their opinions of the importance of biotechnology research leading to seven possible outcomes. Journalists considered food biotechnology research that benefits the environment and reduces the use of pesticides as most important. Hoban (1996) found higher levels of consumer acceptance for agricultural biotechnology that offers relative advantage (e.g., human and environmental health, food quality).
Journalists' revealed most faith in statements about food biotechnology from university scientists (mean = 3.76 on a 5-point scale) and health professionals (mean = 3.71) supporting research by Hoban and Kendall (1993) . Journalists' faith in statements made by government agencies (mean = 3.09) and by farm groups (mean = 2.85) was moderate. They held less faith in statements made by biotech companies and food companies.
Journalists responded next to questions about specific journalistic styles (Bare, 1995) .
They viewed as most important that journalists investigate claims and statements made by biotech companies, by food companies, or by activist groups, and (to a lesser extent) by university scientists. Least important was for journalists to mirror events and avoid interpretation.
Journalists were asked to express the degree to which they believe selected obstacles were to acceptance of biotechnology in food production. Religious/ethical concerns about "tampering with nature" was rated low as an obstacle to acceptance (Table 2) . On the other hand, fears of genes moving unchecked to other life forms, of food safety consequences, and of environmental harm were moderately high. Journalists, in general, perceived that farmers will accept food biotechnology as a farm practice within 3.1 years while consumer acceptance will take 7.7 years. This finding supports earlier research that about 50% of consumers thought that genetically engineered foods were already benefiting them; 75% anticipated benefits from biotech foods within the next five years (IFIC, 1997). There were two statistically significant relationships between journalists' beliefs concerning the effects of biotechnology and other variables: Journalists whose families owned agricultural property tended to believe biotechnology would have more positive than negative effects on fish and wildlife, world hunger, family farms, and healthful foods (r pbis =.24, p<.05).
Also, as journalists' perceived level of scientific knowledge increased, they were more likely to consider biotechnology to have a positive effect (r=.25, p<.05). Fowler, et al (1979) support this conclusion with a finding that most journalists do not have experience by which to reference happenings in agriculture.
There were two statistically significant relationships between journalists' expressed faith in sources of food biotechnology information and background variables: Their level of faith was related to their primary responsibility at the news organization (r pbis =.27, p<.05) and to whether or not they had lived on a farm or ranch (r pbis =.23, p<.05). Journalists' faith in sources was higher among writers than editors. Schudson (1995) who discovered that the social interaction between reporter (writer) and sources builds confidence in the exchange sup-ports this outcome. Also, journalists' level of faith in sources was greater if they had lived on a farm or ranch. This finding is supported by marketing research of Schoell and Guiltinan (1995) who found that consumers' wants, motives, perceptions, attitudes, knowledge, personality, and lifestyle are influenced by family, friends, class, and the culture in which they live.
Finally, the degree to which journalists perceived various obstacles to acceptance of biotechnology was related to their level of awareness of biotechnology's effects (r=-.19, p<.05) and their primary responsibility in the news organization (r pbis =.32, p<.01). The greater the journalists' awareness of food biotechnology's effect on food, health, and the environment, the lower the strength of specific obstacles to acceptance of food biotechnology. Bruhn Real or not, the perceptions consumers hold about the safety of biotech foods are likely to sway regulatory decisions, affect research and development, and ultimately delay the diffu-sion of innovations (Armstrong, 1991) . Journalists confessed that they do not have or desire "walking around knowledge" about biotechnology. Thus, they request easy and rapid access to information. Because journalists play a significant role in public education, influence state and national legislative policy, but do not have experiences by which to reference happenings in agriculture and food production, biotechnology education targeting journalists is important.
The attitudes of journalists were more positive toward plant biotechnology than animal biotechnology; so, these applications should be clearly communicated rather than identified by generic nomenclature as simply "biotechnology." Because journalists have greatest faith in university scientists and health professionals and less faith in biotech companies, private biotechnology companies may seek new and stronger partnerships with universities and health organizations.
Journalists' knowledge about biotechnology was relatively low; therefore, although investigative/interpretive reporting is the most labor-intensive style of reporting (Denton, 1996) , most journalists will employ this style. Because "news" must be marketable and articles about biotechnology compete with other stories for "play" in the newspaper, editors may be predisposed to choose news with sensational content. Journalists attached a high level of importance to human health, food quality, and environmental enhancements brought by biotechnology. It is recommended that these elements be the focus of research and of educational messages.
Consumer education "in the news" may be the most important element to diffusing biotechnology innovations and to gaining public acceptance. Because almost 5% of the journalists responded that farmers or consumers would never accept food biotechnology as a farm practice, one might expect some continued opposition. This opposition, although small, will have a vocal presence in the media due to the marketability (e.g., controversial or sensational nature) of the opposing side in the biotechnology debate.
Innovation diffusion research involving journalists is difficult-external validity is threatened by mortality pressed by organizational policies and professional ethics. Thus, generalization of findings to the target population is suspect. The study might justifiably be viewed as exploratory in nature and used to establish baseline information about journalists' knowledge, attitudes, and perception regarding food biotechnology.
It is recommended that agricultural educators focus on media relations and educational components for diffusion of innovations of food biotechnology. It is recommended that universities and industry provide electronic access to food biotechnology information. Universities should develop a systematic approach that allows journalists to have personal experiences and personal contact with people who operate agricultural and food biotechnology enterprises.
Universities should feature educational materials that communicate two-sided messages about biotechnology innovations addressing the social, economic, and cultural impacts of innovations. University scientists must examine relationships with biotech industry to maintain their credibility as objective and unbiased.
KNOWLEDGE, ATTITUDES, AND PERCEPTIONS OF JOURNALISTS FOR NEW-PAPERS IN METROPOLITAN MARKETS IN THE UNITED STATES REGARDING FOOD BIOTECHNOLOGY -A Critique
Linda Whent, University of California, Davis I would like to commend the authors for selecting a timely and important topic. As use of genetically modified seeds increases in the United States, public opinion toward biotechnology engineered food issues can have a major impacts (positively or negatively) on the agricultural industry. Because media has direct links to influencing consumers, this study focuses on collecting baseline information from metropolitan journalists concerning their knowledge and attitudes toward food biotechnology.
Theoretical Framework -A strong theoretical base was selected for the research. The authors have provided a thorough discussion of the background and need for this study. The purpose and objectives were very general. Could there have been another objective to investigate journalist opinions toward biotechnology research and their faith in the source of that research? In addition, could there been a fourth objective to investigate the degree of selected obstacles journalist perceive as barriers to acceptance of biotechnology in food production?
Methodology -The procedures were explicitly described. The researchers should be commended for obtaining data from 62 national newspapers. The sample consisted of 376 journalists from a variety of disciplines. This correctional/descriptive study used a researcher-developed instrument based on past research. The instrument content validity was determined by experts from numerous disciplines. The instrument was pilot tested by journalists for face validity, and adequate (.67) to excellent (.92) scale reliability measures were reported in the results section. Extensive effort went into the collection of data. Sampled journalists were contacted seven times to help increase response rate. Fifty percent of non-respondents were contacted by telephone.
Findings -Demographic and other background information were collected from 104 journalists. The results were presented in a clear and concise manner. The tables and figures were clear and easy to read. Excellent literature support was presented for findings.
Conclusions and Practical Importance -The conclusion section of this paper was presented with the results. It was not obvious what conclusions were made for each objective. A significant conclusion in this study was that as journalist's awareness and knowledge of biotechnology increases, they are more accepting of food biotechnology. Journalist's revealed most faith in statements about biotechnology from universities. This supports the recommendation that universities should extend their academic and research mission to include marketing, media relations, and food biotechnology education for the general public. Journalists were more positive toward plant biotechnology than animal biotechnology. Does this mean they have less knowledge of animal biotechnology, and if so, should the profession have a larger animal biotechnology focus when disseminating information to the media?
As a result of this study, we can conclude that there is a need for educational programs concerning issues relative to food biotechnology for journalists and editors. The researchers should be commended for addressing a timely and important topic.
